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I) INTRODUCTION  
As the effects of climate change grow in severity, cities will experience 
more frequent heatwaves and power outages, often concurrently 
(Dominianni et al., 2018). Low income, non-Latinx Black communities are 
the most heat vulnerable demographic in New York City (Madrigano et al., 
2015). Power outages that occur during heatwaves give rise to more 
hospitalizations, likely a result of dangerously high indoor air temperatures 
where there is a lack of air conditioning (Dominianni et al., 2018). Air 
conditioning is the single most effective mitigation factor for individual heat 
risk (Gronlund et al, 2019). As air conditioning relies on a power source, this 
amplifies risk during heatwaves that are concurrent with power outages.  
Policy makers, researchers, and municipal agencies frequently pose air 
conditioning as the solution to heat risk (Eisenmann et al., 2016). In light of 
this sentiment, New York City has introduced a program to provide low-
income New Yorkers with air conditioners through the Home Energy 
Assistance Program (HEAP) (NYC Office of Temporary and Disability 
Services, 2020). Proposing air conditioning as a solution to heat risk is a 
paradox in light of the current climate crisis. More frequent and more severe 
heat events will result in additional and increasing strain on the grid 
(Farbotko & Waitt, 2011). Best stated by Farbotko and Waitt,   
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“Policy promoting the use of residential air-conditioning without 
considering its running costs does not reduce the vulnerability of lower 
income households” (p. S13).  
 
This research paper contributes to the newly emerging body of 
literature about the complex implications of heat vulnerability and power 
outages on environmental justice communities. This study is unique in 
examining the nuances of the research question in New York City, 
particularly drawing on inspiration from Con Edison’s decision to pre-
emptively shut off power to over 30,000 Brooklyn residents in a majority 
non-Latinx Black neighborhood during a heatwave (Calma, 2019). The thesis 
title question is answered by spatial analysis of power outage reports with 
the identified heat vulnerable neighborhoods, referred to as “hotspots.”  
 
This paper consists of a literature review that critically examines heat 
vulnerability indices, how air conditioning is accounted for within these 
indices, and how New York City has adopted and responded to their own 
heat vulnerability index. The literature review also includes the issues 
associated with the modifiable areal unit problem, and how power outages 
impact heat risk. The research design portion of this thesis includes how the 
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literature review was conducted, where the datasets were obtained, and the 
methodology of data analysis. 
The results section of this paper illustrates the identified heat vulnerable 
hotspots in New York City and the neighborhoods that they are composed of. 
Along with the hotspots, the results also include the spatial distribution of 
power outage complaints during summer months. The discussion section 
includes the authors interpretation of the results, as well as 
recommendations. Finally, the conclusion section provides a brief summary 





II) LITERATURE REVIEW 
 The Heat Vulnerability Index (HVI)  
Worsening climate change is bringing more heat related health hazards 
and prolonged periods of high heat to New York City (Luber & McGeehin, 
2008; NYCPCC, 2009). As a result, the public health implications of extreme 
heat are becoming more severe and intertwined as these and other impacts 
of climate change intensify (NYCPCC, 2009). It is expected that extreme 
heat events will occur with increased frequency and intensity nationally, but 
urban spaces are impacted more intensely (Luber & McGeehin, 2008; Rogelj 
et al., 2018). Extreme heat is already the most common weather-related 
cause of death in the United States (Luber & McGeehin, 2008). In the 
summer of 2019, there were multiple days with abnormally high instances of 
emergency room visits for heat related ailments, a major increase from prior 
summers (NYCDOHMH, 2020).  
 
1) Determining vulnerability 
Vulnerability is commonly framed as a population’s potential to 
experience adverse impacts resulting from exposure to a certain variable 
(Bao et al., 2015). Studying community heat vulnerability typically comes 
down to risk, indicators, and adaptation methods. In a 2016 study, 
Eisenman et al. explains “a community’s vulnerability to extreme heat can 
be understood as a function of its heat exposure, population characteristics, 
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and adaptive capacity” (p.89). When analyzing vulnerability from a public 
health perspective it is common to assume all of the positive and negative 
impacts, such as perceived risk and safeguards, are compiled to determine a 
population’s potential to experience adverse impacts resulting from exposure 
to a certain variable (Bao et al., 2015; Anderson & Bell, 2011). As a result, 
many US government agencies construct vulnerability indices based on 
evaluating the following themes: socioeconomic status, household 
composition, minority status, and housing and transportation (Flanagan et 
al., 2018).  
When evaluating vulnerability through a climate change perspective, 
the interdependence of variables on the system requires critical thinking in 
both conceptualization of vulnerability and the application of risk. This 
complexity tends to be overlooked when determining vulnerability and 
constructing vulnerability indices. Contrary to many of the published works 
reviewed for this thesis, Romero-Lankao & Dickinson (2012) analyzed 54 
vulnerability studies in search of commonality in indicators. Their study 
hones in on the research paradigm of framing the question researchers may 
ask and what determinants they may exclude.  
Oftentimes researchers will conduct rigorous statistical analyses to 
examine factors that impact vulnerability, but fail to apply the same degree 
of scrutiny towards the index itself.  
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2)  Determining heat vulnerability 
Most heat vulnerability indices are constructed by putting risk factors 
through statistical analyses, such a principal components analysis or 
regression analysis (Nayak et al., 2018; Conlon et al, 2020; Chuang & 
Gober, 2015). A 2009 study that aimed at identifying heat vulnerability 
determinants, to construct framework that could be applied to more localized 
indices, found that four determinants explain 75% of the total observed 
variance of the factors studied (Reid et al.). These determinants included 
social and environmental vulnerability, propensity for social isolation, air 
conditioning prevalence, and the proportion of elderly residents.  These 
determinants are frequently mentioned and generally accepted in heat 
vulnerability studies.  
3) Validating the HVI 
Most often, HVI researchers conduct analyses to see which factors 
impact heat vulnerability, but they rarely are then given the same level of 
significance towards the index (Bao et al, 2015). This need for validation has 
been studied on specific methods as well. A 2020 study by Conlon et al. 
provides a critique on the accuracy of heat vulnerability indices derived from 
conducting principal components analysis (PCA). These authors found that 
heat vulnerability indices derived from a supervised PCA explain 62% of the 
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variance in heat risk indicators, but the HVIs should be thoroughly 
scrutinized as they are extremely sensitive to data input and scale (2020).  
Utilizing mortality data for validation of a HVI is essential prior to 
implementation (Bao et al, 2015). Every paper in this literature review that 
acknowledged the necessity for validation methods either used or 
recommended using mortality and morbidity data for validation. One of the 
most frequently referenced pieces of literature in this niche is Mapping 
Community Determinants of Heat Vulnerability, in which the authors 
advocate for mortality data validation when constructing a finer scale heat 
vulnerability index (Reid et al., 2009).  
4) Air conditioning  
One of the most effective ways to mitigate heat related deaths is 
individual cooling with air conditioners (Eisenman et al., 2016). The authors 
of this 2016 study found that air conditioning is the single most effective 
means for individual cooling, and lack of air conditioning in homes is often a 
factor leading to heat related hospitalizations and deaths (Eisenman et al).   
In a 2019 study on the presence or lack of air conditioning in 
dwellings, researchers found that mortality risk increased 44% when air 
conditioning is absent (Gronlund et al.). When coupled with demographic 
data, absence of air conditioning had the greatest impact on non-married 
11 
 
Black residents, who experience up to 97% increased risk (Gronlund et al., 
2019).  
a) Air conditioning equity  
Research on heat risk and vulnerability has shifted towards the 
accessibility of air conditioning (Gronlund et al., 2019; Eisenman et al., 
2016; Farbotko & Waitt, 2011). In their 2020 study, Ito et al. advocate for a 
culture shift towards responsible energy consumption to stabilize the grid 
and prevent a system where some can afford to keep their indoor 
temperatures low. Specifically, the authors state that “healthy indoor 
temperatures should not be a privilege that excludes vulnerable and low-
income populations, especially when its consequence is illness and death” (p. 
752). 
The commonalities between access to air conditioning and the other 
indicators of heat risk in New York City are illustrated by Rosenthal et al. in a 
2014 study stating that “disparities in access to residential air conditioning 
are associated with heat-related mortality rates, as are metrics of 
neighborhood stability, economic hardship, and building conditions in New 
York City neighborhoods” (p.59).  Considered “frontline communities,” those 
who are the most vulnerable to heat risk will also suffer the greatest burden 
of climate impacts, and have less resources to mitigate these impacts (New 
York City Environmental Justice Alliance, 2020). This emboldens the theory 
of air conditioning equity issues as climate change causes more heatwaves, 
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more populations with access to air conditioning will increase usage for 
cooling. Therefore, days of peak energy demand will become more common, 
which will result in more power outages, which renders air conditioning 
useless where the power outage occurs (Farbotko & Wait, 2011). 
 
 Heat Vulnerability in New York City 
The demographic data available for studying New York City are 
certainly robust (NYCOpenData, 2017). Multiple hurdles to data accessibility 
limit the potential for accurate analysis at a fine geographic scale in New 
York City (Alper, 2020). The integrity of constructing a heat vulnerability at a 
fine spatial resolution without access to mortality or morbidity data is 
questionable at best (Chuang & Gober, 2015), and creates issues similar to 
the modifiable areal unit problem (MAUP). In New York City, the most 
relevant and recent study conducted at a fine geographic scale included 
constructing an HVI at the census tract scale. In this 2015 study, Madrigano 
et al. constructed the HVI by calculating the Z-scores of the proportion of 
homes receiving public assistance, proportion of non-Latinx Black residents, 
proportional of overall deaths occurring in the home, relative surface 
temperature, and the proportion of trees. Unlike many researchers who 
construct vulnerability indices, the authors had mortality data available. 
Therefore they were able to include deaths occurring in the home in this 
index, and also use mortality data as a means to validate the index.  
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Following the 2015 heat vulnerability index constructed for New York 
City at the zip code level (Madrigano et al.), the New York City Department 
of Health and Mental Hygiene released a study that complied the index and 
made it publicly available at the Neighborhood Tabulation Area scale as well 
as the Community District scale via the Health & Environmental Data Portal 
(Ito et. al, 2018).  
As explored in greater detail in both prior and subsequent sections of 
this literature review, air conditioning is being taken into consideration in 
many heat risk studies. This development in the field of heat vulnerability 
research led to New York City’s HVI being recalibrated to account for air 
conditioning (NYCDOHMH, 2020).  
1) Heat vulnerability and the MAUP 
Many of the issues associated with heat vulnerability indices, and 
vulnerability indices in any geographic context, give rise to an issue akin to 
the modifiable areal unit problem (MAUP). As described in his rudimentary 
GIS textbook, Paul Bolstad explains that the MAUP refers to the 
misrepresentation of the spatial distribution of data by means of aggregation 
(2019). In simpler terms, where we draw lines on a map may misconstrue 
the data we are illustrating.   
When analyzing the heat risk of a geographic area, it is common for the 
potential vulnerability data to be at a different scale, or multiple different 
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scales, compared to the scale of the index (Ho et al, 2015). The authors go 
on to explain that these risk factors and vulnerability indicators are 
oftentimes overlaid on a map in an effort to highlight areas with the greatest 
risk, but “a mismatch in spatial resolution between heat exposure and 
vulnerability data can cause spatial scale issues such as the modifiable areal 
unit problem” (p.16110). MAUP associated issues can be mitigated by 
utilizing mortality data to validate vulnerability indices constructed of data of 
the same scale (Ho et al., 2015).  
 
 Hotspot Analysis  
Best explained in Population Health Methods by the Columbia School of 
Public Health “A hotspot can be defined as an area that has higher 
concentration of events compared to the expected number given a random 
distribution of events” (2019). In order to identify trends in spatial 
phenomena, researchers often use spatial analysis methods known as 
hotspot analysis to highlight clustering of a study target (Columbia Public 
Health, 2019). The use of point pattern analysis to identify hotspots is 
frequently used for crime analysis, as well as symbolizing geographic areas 
and heat mapping (Chainey, S., et al, 2008).  Most often, hotspot analysis is 
portrayed as point data on a map overlaid with a geographic area 
aggregated in a particular way, such as county or census tract (Columbia 
Public Health, 2019).   
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In spatial geography studies, kernel density estimation (KDE) has become 
the preferred methodology to conduct hotspot analyses, as compared to 
point pattern analysis or heatmapping, although the latter is still more 
common (Chainey, S., et al, 2008). Conducting hotspot analyses on any 
scale with pre-defined spatial boundaries can give rise to issues such as the 
MAUP (Chainey, S., et al, 2008).  
 
 Power Outages 
Power outages that impact a relatively large portion of the grid may 
worsen chronic health conditions and lead to an increased number of 
hospitalizations and deaths (Dominianni et al., 2018). The concurrent 
increases in energy demand and extreme weather events have caused a 
steady rise in the number of power outages experienced during heatwaves 
(Stone et al., 2021).  
In a 2021 case study examining indoor heat exposure during a concurrent 
heatwave and power outage in Phoenix, Arizona, researchers found a 
“substantial increase in heat exposure across residential buildings in 
response to the loss of electrical power and mechanical cooling systems, 
with such an event exposing […] residents to hazardous levels of heat” 
(Stone et al., p. 1).   
Similarly, a string of blackouts in New York City was studied by analyzing 
power outage data from the Public Service Commission (PSC) and pairing 
16 
 
that with geocoded health data, such as mortality and hospitalization data 
(Dominianni et al., 2018). Dominianni et al. concluded that a relationship 
exists between power outages and hospitalizations. The authors of this study 
went on to propose that the information derived from this report should 
inform future preparedness efforts and advocate for electric grid resiliency in 





III) RESEARCH DESIGN  
A) The Literature Review  
The literature review process was the first step undertaken for this study. 
The literature review was structured to provide a well-rounded 
understanding of the construction and application of heat vulnerability 
indices. The research question “do heat vulnerable neighborhoods in New 
York City experience disproportionate power outages?” requires a deep 
understanding of how vulnerability is defined, how heat risk is defined, and 
the common variables and indicators used by other researchers in the field. 
Therefore, keywords such as “heat vulnerability index,” “heat risk,” “heat 
risk mitigation,” “vulnerability index,” and “vulnerability index assessment” 
were utilized to find relevant papers in this field. Many peer-reviewed journal 
articles featured in Environmental Health Perspectives and International 
Journal of Environmental Research and Public Health provided the author 
with crucial insight on the subjects of heat vulnerability and air conditioning. 
This step of the literature review informed the authors opinion on the validity 
of New York City’s existing heat vulnerability index at its current scale.  
Following the heat vulnerability index analysis, a deeper dive was 
necessary to understand the important equity issues surrounding access to 
air conditioning. The keywords used to search for these articles included “air 
conditioning,” “power outage heat wave,” and “extreme heat event”. The 
literature review enforced the concept that air conditioning access is both 
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one of the biggest mitigation factors for heat risk as well as one of the 
largest hindrances to equity-based heat risk solutions. While air conditioning 
availability and/or use in New York City was not studied in this research 
paper, the implications of power outages during extreme heat can be better 
contextualized with this knowledge. 
Finally, comparing the issues seen with HVIs to those with the MAUP 
illustrate the nuances in this niche of risk assessment and climate justice 
issues.  
 
 Data Acquisition & Preparation    
The data utilized for this project was retrieved from NYCOpenData, the 
New York City Department of Health and Mental Hygiene (NYCDOHMH) 
Environmental & Health Data Portal, and the American Community Survey 
(ACS).  
The data obtained from NYCOpenData included the initial shapefile of 
Neighborhood Tabulation Area (NTA) boundaries and a CSV file of individual 
311 calls to New York City. The NTA shapefile was already compatible for 
analysis as the coordinate reference system is Long Island State 
Plane/NAD83, as is common for much geospatial data derived from 
NYCOpenData. That shapefile was imported directly into ArcPro. The CSV of 
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311 calls reporting power outages was imported into Rstudio, and then 
cleaned and partially analyzed before being transferred to ArcPro.  
Following those data, a NTA level heat vulnerability index XLSX file was 
downloaded from the NYCDOHMH Environmental & Health Data Portal. This 
file was converted into CSV format prior to import into Rstudio. Then that 
data was cleaned and partially analyzed before being transferred to ArcPro. 
Finally, American Community Survey (ACS) population data was downloaded 
as a CSV file and imported into Rstudio. Once imported, it was cleaned and 
partially analyzed before being transferred to ArcPro. 
 
 Data Analysis  
1) Quality Checking & Data Tidying in Rstudio 
The preliminary research for this project was conducted in RStudio. 
Unless the data was acquired in a shapefile format, the files were 
imported into Rstudio using the package Dplyr (Wickham et al., 2021). In 
this case, the NTA data, power outage reports (311 data), and 
vulnerability index data were imported.  
The 311 data was the largest dataset, which included inconsistent 
timestamp format and incomplete address data. In an effort to format the 
311 data for analysis, it was necessary to parse the data by season. This 
required utilizing the following packages: tidyverse (Wickham et al., 
2019), janitor (Firke, 2021), and lubridate (Grolemund & Wickham, 
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2011). Tidyverse was used in multiple steps of the analysis – including 
elements such as dplyr for import and stringr to make the data more 
“tidy”. Lubridate was the most vital package in analysis of the 311 data, 
as the dates were not compatible with ArcPro in their original format.  
2)  Spatial Analysis in ArcPro 
After cleaning and tidying the data, then conducting some exploratory 
data analysis in Rstudio, all of the data was moved to ArcPro for spatial 
analysis. The data was prepared for analysis by utilizing the geoprocessing 
tools as indicated in Table 1. The HVI data was prepped in Rstudio and 
exported as a CSV file, and joined with the NTA shapefile in ArcPro. The 311 
data was parsed in Rstudio, so the only processing required in ArcPro was 
geocoding the coordinates. Then the power outage data was overlaid on the 
HVI map to provide context of where power outages occurred. This base 
data provided the outputs seen in Figures 1 and 2. The dissolve layer 
geoprocessing tool was utilized to identify “hotspots” where NTAs with HVI 
rankings of 5 that had adjacent boundaries were dissolved into hotspot 
polygons. The NTA level HVI is assigned a ranking “based on a statistical 
model that uses social and environmental factors to estimate risk of heat-
related death across NYC neighborhoods” (NYCDOHMH, 2018). The ranking 
provides each NTA a value of 1 (low risk) – 5 (high risk) and was assigned 
accordingly with the “5-class reds” color scheme from ColorBrewer.org 





Table 1: Preliminary spatial analyses 
 
Once the preliminary spatial analysis was complete, the final spatial 
analyses were conducted in order to produce the results of the study. As 
shown in Table 2, the final spatial analyses provided the outputs as shown in 
the corresponding figures and tables.  
The final spatial analyses included creating a heatmap of 311 power 
outage data overlaid with the hotspots identified earlier. The final figures 
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data. The field calculator tool was utilized to provide statistics about 
individual hotspots and aggregate data, which is provided in Table 3 in the 

















































In order to spatially interpret the results, the HVI and 311 power outage 
calls were visually analyzed as shown in Figures 1 and 2. Visual analysis of 
these figures show that most of the neighborhoods with the highest heat 
vulnerability ranking shared a border, and appear to have a greater density 
of 311 power outage calls. This was reinforced by creating three unique 
polygons and overlaying them with a heatmap as shown in Figure 4. 
Therefore, three heat vulnerable “hotspots” were identified: the Brooklyn 
Hotspot (Figure 5), Bronx/Harlem Hotspot (Figure 6), and the Queens 
Hotspot (Figure 7). As shown in Figures 5, 6, and 7, the 311 power outage 
calls made during the summer months occurred in greater concentrations 
within the boundaries of the HVI hotspots. Table 3 provides contextual data 
that aides in understanding Figures 5, 6, and 7.  
 The Brooklyn Hotspot 
The Brooklyn Hotspot consists of 12 neighborhoods with a combined 
population of 713,479, making up 8% of New York City’s population. During 
June, July, and August of 2014-2020, New York City received 1,795 power 
outage complaints from the Brooklyn Hotspot. This hotspot accounts for 





 The Bronx/Harlem Hotspot 
The Bronx/Harlem Hotspot consists of 18 Bronx neighborhoods and 3 
Manhattan neighborhoods with a combined population of 907,075, making 
up 11% of New York City’s population. During June, July, and August of 
2014-2020, New York City received 2,552 power outage complaints from the 
Bronx/Harlem Hotspot. This hotspot accounts for 22% of total power outage 
complaints received by 311 during summer months. 
 The Queens Hotspot 
The Queens Hotspot consists of 5 neighborhoods with a combined 
population of 199,416, making up 2% of New York City’s population. During 
June, July, and August of 2014-2020, New York City received 302 power 
outage complaints from the Queens Hotspot. This hotspot accounts for 3% 
of total power outage complaints received by 311 during summer months.  
Combined, the hotpots make up 21% of New York City’s population. 


























































NTAs in hotspot 
BK78, BK95, BK85, 
BK91, BK82, BK72, 
BK75, BK81, BK35, 
BK79, BK61, BK96 
BX40, BX35, BX01,  
BX41, BX26, BX63, 
BX14,  BX34, BX27, 
BX33, BX17, BX75, 
BX36, BX06, BX44, 
BX03, BX39, MN11, 
MN03, MN34 
QN07, QN02, QN08, 
QN61, QN01 
Population 713,479 907,075 199,416 
311 power outage 
reports during 
summer months  







 Findings  
1) Discussion of uncertainty 
In New York City, the HVI was constructed at a fine scale, with 
mortality data utilized to validate the index. That census tract level index, 
created by Madrigano et al. in 2015, meets all of the criteria for a high 
quality and accurate HVI. However, the publicly available HVI used in this 
study was released by the NYCDOHMH with the acknowledgement of being a 
composite of the census tract level index created in the years prior. There is 
no information available on whether or not the larger scale, publicly 
available HVI was validated with aggregated mortality data. The publicly 
available HVI has also been updated in recent years to incorporate 
residential air conditioning data as that has become a widely accepted 
indicator of heat risk, as well as a mitigation factor (NYCDOHMH, 2019).  
The New York City HVI allowed for the identification of three hotspots, 
which were the source of a disproportionate amount of 311 power outage 
complaint calls during the summer months from 2014 – 2020. While many 
New Yorkers call 311 when something goes awry, not every power outage 
will be reported to 311. Without data access granted from Con Edison or the 
Public Service Commission, the 311 data set provides researchers with the 
most accessible way to track power outages.  
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Data accessibility hindrances also prevent the reconstruction of a fine scale 
HVI. Mortality data is not publicly available unless aggregated at the citywide 
or borough level. Without data for validation, it is difficult to claim the 
accuracy of any index.  
2) Discussion of scale  
As outlined in the literature review, to avoid issues like the MAUP in 
the construction of both heat vulnerability indices and hotspot analyses, data 
should be acquired at a fine geographic scale which has not been spatially 
aggregated (Jeffery et al., 2014); (Chainey et al., 2008). Unfortunately, this 
is not possible for this study and many other derived from publicly accessible 
data, as they are spatially aggregated prior to being made publicly available. 
In respect to this study, reconstructing a HVI would be wildly inaccurate with 
the data available.  
The entirety of this study has been conducted at the NTA scale, which 
in the context of NYC is not a fine geographic scale. Ideally, the HVI used in 
this study would have been reconstructed at an even finer geographic scale 
than the census tract level HVI upon which the NTA level index was created. 
Additionally, the hotspots could have been determined by using kernel 
density estimation (KDE) on that super-fine scale index, as it is the preferred 
method for hotspot analysis. However, heat related mortality and morbidity 
data would be still necessary to validate the index. The NYCDHMH does not 
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release mortality or morbidity data at a scale finer than borough-wide 
aggregate, deeming it unsuitable for validation as the discrepancy between 
the scale of datasets would be astronomical.  
The initial census tract level HVI for New York City was constructed by 
conducting rigorous statistical analyses to identify the indicators for heat 
vulnerability and then those data were validated with heat related mortality 
and morbidity data (Madrigano et al., 2015). Utilizing mortality and 
morbidity data “to validate the effect of the HVI is essential before its 
application in practice” (p. 7221) as stated in the comparative study of heat 
vulnerability indices conducted by Bao et al. in 2015. Neither the census 
tract level HVI nor the data used to construct it are available. However, the 
NTA level HVI is the result of aggregating that data. In essence, this study 
aimed at using a more accurate representation of heat vulnerability rather 
than attempting to construct a fine scale index which could not be validated. 
3) Power outages  
Perhaps one of the most important points of this study is the lack of 
information about power outages and their relationship to the heat 
vulnerable. Despite the lack of data, this study provides enough information 
to make the claim that power outages pose a significant risk to those living 
in a hotspot. As climate change brings more frequent and intense heat 
events, the power grid will be strained and experience more days of peak 
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demand (Dominianni et al., 2018). This will likely result in air conditioning 
equity issues in the hotspots identified in this study.  
 
 Implications 
As the impacts of climate change grow in severity, the electricity grid will 
become more fragile. Simultaneously, New York City is experiencing a 
convergence of issues of aging infrastructure, the climate crisis, and wealth 
inequity. As a result, air conditioning use will likely increase during extreme 
heat, exacerbating use at times of peak energy demand (Ito et al, 2018). In 
New York City, those who are least heat vulnerable likely have the most 
access to air conditioning (Ito et al., 2018). In turn, this will increase strain 
on the grid, and is likely to cause power outages which most often occur in 
the identified hotspots in this study (Farbotko & Wait, 2011). As described 
by Ito et al. in their 2018 study of New York Cities air conditioning equity 
crisis “It must become unacceptable for indoor temperatures to be set low so 
some can wear suits at work, while others are dying in overheated homes in 
part due to energy usage concern” (p. 751).   
Consequent studies on heat vulnerability and power outages in New 
York City would greatly benefit from access to fine scale data on mortality 
and morbidity from the Department of Health and power outage data from 




Heat vulnerability indices are extremely sensitive to scale. The factors 
and variables used to construct these indices can and oftentimes do vary 
widely from city to city, and neighborhood to neighborhood. The variables 
that make up heat vulnerability indices are critically assessed with much 
greater scrutiny than the indices themselves. In order to validate a heat 
vulnerability index, mortality and morbidity data are required to avoid issues 
like the MAUP. 
The New York City HVI was constructed from a fine scale (census tract 
level) index that was validated with mortality data. In order to reproduce a 
fine scale HVI, mortality and morbidity data would need to become publicly 
available. The NTA level HVI allowed for the identification of three “hotspots” 
– the three most heat vulnerable sections of New York City. Together, these 
hotspots contain 21% of New York City’s population. Yet, the hotspots 
generated 40% of 311 power outage complaints.  
The call for an in-depth analysis on the occurrence of power outages in 
New York City may be one of the most significant findings in this study. The 
only publicly available data on power outages are the complaint calls 
generated to New York City’s 311 hotline. In order to assess the issue of 
heat vulnerability and the consequences of power outages, strong statistical 
analyses need to be conducted. For example, conducting a KDE analysis on a 
fine scale heat vulnerability index would give provide a more accurate 
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hotspot analysis. In addition, power outage data provided by the grid 
supplier would provide a fully accurate spatial representation of the 
occurrence of power outages in New York City. 
There are a disproportionate number of power outage complaints coming 
from the hotspots identified in this study. In order to study this at a finer 
scale and determine more accurately the consequences of power outages on 
the heat vulnerable, NYCDHMH mortality data and Con Edison’s power 
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